The greenhouse effect is now commonly accepted by the scientific community, politicians and the general public. However, the misnomer 'greenhouse effect' has perpetuated, and there are a number of aspects of the effect which are poorly understood outside the atmospheric sciences. On such misconception is that greenhouse research is a recent phenomenon; another is that glasshouses are warmed by the same mechanism as lies at the heart of the greenhouse effect. This review traces the theory as far back as 1827, highlighting new directions and significant advances over that time. Four main themes can be discerned: 1) certain radiatively active gases are responsible for warming the planet ; 2) that humans can inadvertently influence this warming; 3) climate models are designed to permit prediction of the climatic changes in the atmospheric loadings of these gases but that they have not yet achieved this goal of prediction; and 4) many scenarios of changes, and especially of impact, are premised on relatively weak analysis. This latter point is illustrated by an examination of the relationship between increasing temperature and sea level change (the oceanic response to atmospheric warming). Current research suggests that sea-level rise is not likely to be as high as had previously been anticipated.
I Introduction
The greenhouse effect is a sustained, natural phenomenon: gases which are radiatively active have 'warmed' the surface of the Earth since the planet and its atmosphere were formed about four and a half billion years ago. Mankind's activities, particularly those associated with industrialization, large-scale land clearance and chemically improved agriculture, are adding increasingly large amounts of these radiatively active gases to the atmosphere. At present there seems little likelihood that this global scale atmospheric pollution will cease much less that removal of the pollutants will be initiated. This planet therefore seems to be committed to a global scale warming, an intensification of the hydrological cycle (the coupled processes of evaporation, cloud formation, precipitation and runoff) and many associated climatic shifts. It is thus essential that policies be developed which recognize the reality of the predicted changes.
The greenhouse effect is an unambiguous theory which is well understood by atmospheric and climatic scientists and which successfully predicts temperatures on the Earth and on other planets. There are, however, a number of controversies associated with the greenhouse effect which are beloved by the media. These include:
1) The warming observed so far this century ( Figure 1 ) cannot be stated unambiguously to be the result of additional greenhouse warming caused by mankind's activities. Moreover, it is unlikely that such an unambiguous statement will be possible in less than 10 to 15 years. 2) Precise predictions of the increase in the Earth's surface temperature resulting from a specified increase in one or more trace greenhouse gases differs somewhat from model to model as a function of the number of feedbacks incorporated and the realism of the physical parameterizations.
3) Reconstructions of the Earth's surface temperature (e.g. Figure 1 ) for the past century may be contaminated by the urban heat island effect. 4) The term 'greenhouse' is a poor one 1985 . In that period the following increases were observed: C02 -4.6%; CH4 -11.0%; N20 -3.5%; 103.0% ; and CFC12 -101.0%. The recognition of the main sources of these gases: energy production (C02 and CH4); industrial activities (C02 and CFCs); agriculture (CH4 and N20); and land clearance (C02 and N20), has prompted the use of simple equations (e.g., Schneider, 1989) (Simpson, 1928b; 1929) .
By the late 1930s the role of atmospheric carbon dioxide had re-emerged. (Callendar, 1949; 1958) Plass has suggested. There followed an exchange of views (Plass, 1961;  Kaplan, 1961) which provided stronger evidence of the frailty of human egos than of scientific method.
It was around the beginning of the 1960s that the misnomer 'greenhouse effect' was used to support an educational analogy of the Earth's atmosphere (cf., Hare, 1961:15) . Unfortunately the term soon became popularized and by 1963 (Fleagle and Businger, 1963:153) Moving briefly from the development of climatic models, Lee (1973; and Berry (1974) exchanged views on whether the greenhouse effect really did work for glasshouses. Lee (1973) suggested that the greenhouse effect was not primarily a result of radiation imbalance caused by the absorptivity of the glass, but rather the difference in convective losses for the glass-enclosed space. Berry (1974) proposed that the effect could in fact be attributed to the spectral properties of the glass. The final word in this exchange of views was by Lee (1974) (Barnett, 1983) and 17 cm per century (Revelle, 1983 ), based on eustatic sea level changes and isostatic readjustment. A further consideration is the background warming of the atmosphere which is very slowly altering the ratio between the oceans and ice sheets (the melting of the Greenlandic ice cap is at present more than adequately compensated by the growth of Antarctic ice). With the inadvertent warming of the atmosphere by humans, these processes are accelerated and as the atmosphere gradually warms, the oceans will follow suite. The lag time is estimated at about 25 years by Revelle (1983) for the upper mixed ocean layer (approximately the top 100 metres of the ocean). The net result will be a thermal expansion of the oceans as temperatures increase and the density of the oceanic waters decreases, so occupying a greater volume (assuming the areal extent does alter appreciably).
Since the link between global warming and rising sea levels was made, estimates of sea-level rise have been linked very closely to those of temperature increases. Revelle (1983) estimated that by 2060 AD carbon dioxide levels will have doubled and surface air temperatures will have risen by 3°C. Thermal expansion and the partial melting of the temperate glaciers and possibly also the Greenlandic ice cap would mean that by 2085 AD (including the oceanic lag effect) there would be an additional rise of 54 cm on top of his basal trend of 17 cm giving a total rise of 71 cm over the next 100 years. Hoffman et al. (1983) estimated the global warming effect from a doubling of carbon dioxide alone would lead to a temperature increase of between 1.5-5.5°C. If the other radiatively active gases are included, this increase is estimated at somewhere between 3-9°C. As a consequence of assuming the cryospheric contribution as being between 1-2 times that of thermal expansion they predicted a sea-level rise between 56-345 cm by the year 2100 AD. Meier et al. (1985) concluded that carbon dioxide will have doubled by 2050 AD leading to a temperature increase of between 2-4°C. As a result, they predicted that sea levels would rise between 50-200 cm through the partial melting of polar and temperate ice. This rise also includes the break up of the western Antarctic ice shelf, which some authors (e.g., Van The relative contributions of thermal expansion and the cryosphere to the overall rise in sea levels is still in the process of being fully understood. It is only with refinements in the new generation of ocean models that the contribution by thermal expansion can be predicted with any degree of certainty. A recently submitted paper by Church et al. (1990) from the CSIRO Division of Oceanography bases its estimates of thermal expansion on the thermal exchange of heat between ocean layers over the globe. Assuming a gobal mean temperature rise of 3°C by 2050 they predict the thermal expansion component to be between 0.3-0.4 m by 2070. Furthermore, they envisage that the expansion will be relatively uniform across the globe although the model suggests that in the region of the Antarctic Circumpolar current, the expansion will be less. When added to the cryospheric component, they obtain a total sea-level rise of 0.2-0.9 m by 2070 AD given a temperature rise of 1.5-4.5°C by 2050 AD.
V Predicting greenhouse/induced ctimatic change
There are only two ways presently available to estimate how climate will change in the era of the greenhouse effect: the use of computer-based global climate models and analogies drawn between historical and palxoclimatological records of periods when the Earth was warmer and the future.
The historical analogue approach has been used by a number of authors to construct warmer climate scenarios for Europe, America and Australia: there are two basic methods of using the instrumental record to create an analogy for the future: (1) Callendar (1938; 1949) whose work highlighted a new direction in the theory, namely the recognition that humans were inadvertently influencing the atmospheric carbon dioxide content, mainly through the processes of rapid industrialization.
By the late 1960s climate modellers had begun to predict temperature changes based on a doubling of carbon dioxide. These ranged from 1.5°C to as much as 9°C using the same model (Moller, 1963) emphasizing the early stage of model development. The development of these models into fully interactive global climate models (GCMs) has continued through to the present day. The modellers are now recognizing the importance of feedback mechanisms, particularly those relating to atmospheric water vapour and the oceans. The latest advancements include increasing the resolution of the models and embedding mesoscale models within the GCMs to predict regional scenarios as well as global.
As the modellers refine their algorithms, the consistency achieved within and between models increases. One 'knock-on' effect, apart from increasing the resolution, has been to refine the predictions for sea-level rise based on temperature change. Initial research suggested that sea levels might rise by as much as 345 cm by 2100 AD with a range of 289 cm (Hoffman et al., 1983) , however, with a greater understanding of the lagged cryospheric response and refinemements in temperature changes down to between 2-4°C have reduced both the range and the upper limits considerably. For example, Van For an even quicker review of the greenhouse literature, Ramanathan's (1988) paper provides familiarization with the atmospheric physics and climate modelling overview. Schneider (1989) 
